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INTR0DUC1 ION  AND  SUMMARY 


Obj  ect i ves 

The  following  report  contains  an  analysis  of  operational  and  capital  cost 
figures  submitted  for  a proposed  central  Montana,  platinum/palladium  mine. 
As  a result  of  the  Environmental  Impact  Statement  procedure  required  in  the 
state  of  Montana,  the  Department  of  State  Lands  of  that  state  sought  to 
assess  the  economic  feasibliity  of  several  environmentally  attractive 
operational  alternatives.  They  desired  to: 

1)  determine  the  accuracy  of  the  economic  data  submitted  with  the 
original  plan  and  subsequent  assessment  of  alternatives  by 
Stillwater  Mining  Company  (SMC);  and 

2)  determine  if  the  proposed  alternatives  were  technically  feasible. 

Western  Field  Operations  Center,  a regional  office  of  the  U.S.  Bureau  of 
Mines,  was  asked  to  provide  technical  assistance  in  these  tasks.  Four  mine 
and  eight  mill  alternatives  were  included  in  this  analysis;  each  has  been 
addressed  individually  within  this  report. 

Methodology 

For  this  anlaysis,  Bureau  personnel  have  relied  heavily  on  a Cost 
Estimating  System  (CES)  developed  by  the  Bureau  several  years  ago  and 
currently  under  revision.  This  system  allows  estimation  of  costs  by  unit 
operation,  such  as  tailings  disposal  operating  or  capital  costs,  at  the 
pre-feasibility,  certainty  level.  Results  have  been  demonstrated  to  have 
accuracies  comparable  to  the  25  to  40%  range  reported  by  SMC.  Where  CES 
proved  inappropriate  or  further  verification  was  necessary,  other  cost 
estimating  source  books  such  as  Dataquest,  Richardsons,  Means,  and  various 
additional  publications  and  journals  were  also  consulted;  references  for 
all  sources  are  given  at  the  end  of  this  report.  Capital  and  operating 
cost  data  resulting  from  the  present  study  were  compared  with  that  supplied 
by  SMC  and  an  assessment  of  probable  cause  of  significant  differences  was 
made . 


Summary  of  Results 

Comparison  of  results  of  this  study  with  original  data  supplied  by  SMC 
demonstrates  that  the  two  studies  are  largely  in  agreement.  Significant 
discrepancies  are  explicable  as  procedural  differences  in  mine  cost 
estimation  techniques.  A summary  of  the  results  is  contained  in  tables  1 
and  2. 
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TABLE  1.  - Summary  comparison  of  mine  and  mill  capital  costs 
(July  1983  dol lars) 


Total  mine 

capita  1 

cost  ( $ mill 

ions) 

by  alternative 

Relative 
difference,  % 

Opt i on 

SMC 

Present  study 
CES  Adjusted1 

Base  proposal 

$ 5.0 

$3.6 

$4.1 

28/18 

Alternative  1 

12.3 

5.0 

8.0 

59/35 

Alternative  2 

( ramp) 

6.0 

4.4 

4.9 

27/18 

Alternative  2 

( shaft) 

13.4 

5.3 

8.3 

60/38 

Total  mill  capital  cost  ($  million)  by  alternative 


Option 

SMC 

Present 

Relative 

study 

difference,  % 

Alternative  1 

$ 7.53 

$5.21 

31 

Alternative  2 

14.65 

17.13 

17 

Alternative  3 

4.31 

3.22 

25 

Alternative  42 

11.58 

13.76 

19 

Alternative  5^ 

15.18 

17.70 

16 

Alternative  6 

3.01 

1 .57 

48 

Alternative  72 

11  .00 

15.65 

42 

SMC  Alternative 

14.10 

20.58 

46 

Conveyor  (mi ne-Hertzl er) 

NA 

21  .79 

NA  Not  available. 

^Adjusted  costs  include  $500,000  for  previously  completed 
development  and/or  $2,500,000  for  shaft  raiseborer  costs. 

^Exclusive  of  sand  plant  cost  for  which  comparable  values  have  not 
been  developed  in  this  study. 
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TABLE  2.  - Summary  comparison  of  mine  and  mill  operating  costs  in 
$/short  ton  mined  or  transported  (July  1983  dollars). 

Mine  operating  alternatives 


Option 

Present  study 
CES  Difference 

SMC 

difference 

Base  proposal 

$9.09 

m “ 

Alternative  1 

9.50 

$+0.41 

0 

Alternative  2 

( ramp) 

11.52 

+2.43 

$+2.00 

Alternative  2 

(shaft) 

9 . 30 ( est . ) 

+. 20( est . ) 

0 

Tailings  slurry  line  alternatives 


Origin 

Destination 

SMC 

Present  study 
CES  CES  + 25%* 2 3 

Relative 
difference,  % 

Mine 

Hertzler 

$0.60 

$0.80 

$1  .00 

33/67 

Mine 

Stratton 

.45 

.48 

0.60 

7/33 

Mine 

Horseman 

1 .06 

.60 

.75 

43/29 

Mine 

Mi  ne 

.30 

.29 

.36 

3/20 

Hertzl er 

Hertzler 

1 .04 

.34 

.41 

67/61 

Ore  haulage  (minesite 

to  Hertzler) 

Option 

SMC 

Present  study 
CES  CES  + 25% 

Relative 
difference.  % 

Truck  haulage 
Conveyor  haulage 

$1  .00 
NA 

■to* 

O — 1 

-c*  o 

(D 

$0.52 

1/- 

NA  Not  available. 

^SMC  difference  is  based  upon  comany  description  of  the  actual 
cost  differential  between  the  different  options. 

2The  25%  increase  in  cost  in  this  column  is  an  allowance  for 
administrative  and  miscellaneous  operating  costs. 

3As  truck  haulage  will  be  contracted,  allowance  for  administrative 
and  miscellaneous  costs  is  unnecessary. 
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Capital  Costs: 

Principal  elements  of  the  mining  alternatives  evaluated  in  this  study  are 
the  applicant's  BASE  PROPOSAL,  eight  horizontal  entry  levels  and  a small 
underground  service  shaft;  ALTERNATIVE  1,  two  horizontal  levels  joined  by 
an  underground  full  service  shaft;  ALTERNATIVE  2 (ramp),  five  horizontal 
entry  levels  with  an  underground  ramp  system  supplanting  adit  entry  in  the 
upper  levels;  and  ALTERNATIVE  2 (shaft),  five  horizontal  levels,  as  in  the 
previous  alternative,  utilizing  a full  service  shaft  to  provide  access  to 
workings  in  the  upper  levels. 
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Lack  of  agreement  of  estimated  mine  capital  cost  between  SMC  and  the 
Bureau  studies  stem  principally  from  differences  in  estimated  shaft-related 
expenses  and  the  inclusion  of  previously  completed  development  work. 
Estimated  shaft  costs  affect  two  of  the  alternatives,  the  first  alternative 
as  well  as  the  the  second  alternative  with  the  full  service  shaft.  The 
cost  of  inclusion  of  additional  development  work  modifies  all  four 
a 1 ternat i ves  . 

The  shaft  cost  di f ferential , $6.8  by  10&,  is  not  readily  resolvable. 

Our  studies  indicate  that,  given  the  situation  and  the  facilities  as 
described,  the  cost  is  overstated  for  a raisebored  shaft.  Further 
adjustment  to  account  for  the  cost  of  the  raiseborer  reduces  the 
discrepancy  by  $2.5  by  10&,  but  the  total  cost  as  estimated  by  the 
company  is  still  considerably  higher  than  that  estimated  in  this  study. 

Rationale  for  inclusion  of  $0.5  by  10&  for  previous  development  work 
depends  solely  on  the  purpose  of  the  analysis.  As  these  costs  are  an 
integral  part  of  the  overall  project  cost,  inclusion  would  be  consistent 
with  the  base  assumptions  if  determination  of  future  production  costs  or 
similar  analyses  are  contemplated.  Determination  of  the  appropriatness  of 
this  step  is  beyond  the  scope  of  the  present  study. 

Mill  alternatives  addressed  are  restricted  to  tailings  and  ore  transport 
plans  determined  by  different  mill  and  tailings  disposal  sites.  Millsites 
are  considered  at  two  locations,  Hertzler  Ranch  and  the  minesite;  two 
additional  tailings  disposal  areas  are  considered,  Stratton  Ranch  and 
Horsemans  Flat;  and  three  transportation  methods  are  considered,  a buried 
pipeline,  contracted  trucks,  and  a belt  conveyor.  For  determination  of  the 
site  and  method  employed  in  each  instance  refer  to  table  2 and  the  detailed 
descriptions  contained  in  the  body  of  this  report. 

Total  capital  cost  for  five  of  the  eight  benefication  options  are  within 
the  precision  range  anticipated.  These  alternatives  will  be  discussed  in 
the  Results  section  of  this  report.  Summary  comments  will  be  restricted  to 
the  remaining  three  options  only.  No  SMC  data  was  supplied  for  the 
conveyor  option,  thus  a comparison  cannot  be  made  for  this  alternative. 

CES  results  for  Alternative  6 show  the  greatest  deviation  from  original 
company  data.  Examination  of  the  more  detailed  cost  breakdown  shows  that 
this  divergence  is  caused  principally  by  a dramatic  difference  in  starter 
dam  costs.  Comparison  of  this  value  with  the  cost  of  what  appears  to  be  an 
identical  facility  in  the  first  alternative  suggests  that  this  figure  may 
be  incorrect.  If  the  value  of  the  starter  dam  carried  in  Alternative  1 is 
substituted  in  the  sixth  case,  the  capital  total  agrees  closely  with  that 
of  the  present  study. 
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To  conduct  these  analyses  it  has  been  essential  to  rely  on  rather  sketchy 
data  regarding  the  size  and  configuration  of  the  impoundment  dams 
required.  This  could  well  be  the  principal  factor  determining  the  noted 
differences  in  the  remaining  two  instances,  alternatives  7 and  8.  These 
alternatives  require  construction  of  the  same  staged  earthen  dam;  cost 
estimates  for  the  later  stages  of  which  result  in  the  total  cost 
differential.  Thus,  differences  in  cost  estimates  made  by  the  Bureau  and 
SMC  studies  for  these  alternatives  result  from  the  same  source. 

As  a last  note  relating  to  the  capital  cost  table,  the  cost  of  the 
sandfill  plant  has  not  been  evaluated.  CES  does  not  identify  this  activity 
separately,  and  a definitive  archetype  facility  has  not  been  determined. 
Thus,  comparison  of  sandfill  facility  costs  has  not  been  conducted. 

Operating  Costs: 

Table  2 contains  a comparison  of  the  mining  and  milling  operating  costs. 
Mine  costs  are  displayed  primarily  as  the  difference,  in  dollars  per  short 
ton,  between  the  estimated  cost  of  the  original  proposal  for  each  study  and 
the  remaining  alternatives.  There  does  not  appear  to  be  a significant 
difference  between  the  mine  operating  costs  estimated  through  the  two 
studies . 

Pertinent  mill  operating  costs  are  listed  by  type  and  transportation  link 
in  the  bottom  half  of  this  table.  Because  company  cost  estimates  were 
supplied  for  these  alternatives,  the  appropriate  values  for  each  study  are 
compared  directly.  Tailings  line  costs  from  this  study  are  presented  both 
with  and  without  allowance  for  administrative  and  miscellaneous  costs. 
Company  data  correlates  closely  with  the  first  column  containing  only 
operating  and  maintenance  costs.  The  only  notable  differences,  the 
Horseman's  Flat  and  the  short  Hertzler  slurry  lines,  are  apparently  the 
result  of  order-of-magni tude  estimates  by  the  company;  the  present  study 
suggests  that  SMC  values  are  overstated.  Trucking  costs  are  equivalent  in 
both  studies.  No  company  data  is  available  for  comparison  of  conveying 
costs  nor  were  sandfill  operations  costed  in  the  present  study. 

Comparison  of  Total  Cost: 

The  remaining  tables  in  this  section  contain  a comparison  of  total 
capital  and  operating  costs  by  alternatives  for  the  20-year  life  of  the 
project.  Both  of  these  tables  were  derived  from  SMC  and  CES  data  by 
Montana  Department  of  State  Lands  personnel.  The  first  of  these,  table  3, 
compares  undiscounted  values;  the  second,  table  4,  compares  these  same 
values  discounted  at  a 15%  ROR.  Adjustment  of  both  SMC  and  CES  data  was 
necessary  in  order  to  make  this  comparison  meaningful.  Refer  to  footnotes 
in  each  table  for  a more  precise  description  of  these  changes. 
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TABLE  3 . - Twenty-year  total  project  cost  by  alternatives 


Total  capital  and  operating  costs  % difference 

SMC  CES1  SMC  to  SMC  to 

Without  With  ad-  Option  CES  low  CES  high 

adjustment  ment2  Low3 High4 


Alternative 

1 

$17.58 

$16.85 

$14.44 

$15.76 

14.3 

6.5 

Alternative 

2 

17.78 

17.78 

20.93 

21.72 

17.7 

22.2 

Alternative 

3 

12.99 

12.99 

8.89 

9.88 

31.6 

23.1 

Alternative 

4 

42.91 

12.67 

17.72 

18.51 

39.9 

46.1 

Alternative 

5 

44.86 

14.62 

23.91 

25.23 

63.5 

72.6 

Alternative 

6 

18.63 

17.84 

11.67 

12.13 

34.6 

32.0 

Alternative 

7 

43.22 

12.98 

17.56 

18.03 

35.3 

38.9 

SMC 

16.08 

16.08 

22.94 

22.96 

42.7 

42.9 

Source:  Lois  Steinbeck,  Montana  Department  of  State  Lands. 

^CES  costs  do  not  include  capital  costs,  replacement  capital  costs  or 
operating  costs  for  the  sand  plant  in  alternatives  4,  5,  and  7,  but  do 
include  replacement  capital  costs  for  slurry  lines  and  pumps. 

2Total  SMC  costs  without  sand  plant  capital  and  operating  costs,  and  sand 
plant  replacement  costs  in  alternatives  4,  5,  and  7;  and  cost  of  auxiliary 
dams  for  alternatives  1 and  6. 

3Low  operating  costs  assumed  as  computed  by  Bureau  of  Mines. 

4High  operating  costs  assumed  as  computed  by  Bureau  of  Mines. 


TABLE  4.  - Comparison  of  project  net  present  value  (NPV)of  CES-SMC  costs 
utilizing  15%  ROR. 

CES  CES  adjusted1  SMC 


low high low high 


Alternative 

1 

$7.29 

$7.60 

$7.65 

$7.96 

$10.48 

Alternative 

2 

11.38 

11.57 

11.38 

11.57 

8.70 

Alternative 

3 

NA 

NA 

NA 

NA 

NA 

Alternative 

4 

10.18 

10.37 

17.90 

18.09 

15.58 

Alternative 

5 

10.82 

11.13 

18.54 

18.85 

18.58 

Alternative 

6 

3.99 

4.05 

4.35 

4.41 

S.C  l 

Alternative 

7 

8.92 

9.03 

16.64 

16.75 

14.94 

SMC 

9.27 

9.38 

9.27 

9.38 

7.27 

Source:  Lois  Steinbeck,  Montana  Department  of  State  Lands. 

NA  Not  available. 

bureau  of  Mines  figures  were  adjusted  by  including  costs  for  a sand 
plant  as  well  as  auxiliary  dams  at  the  Hertzler  site  for  appropriate 
alternatives.  These  costs  were  estimated  by  SMC. 

^Assumes  low  operating  costs  as  computed  by  Bureau  of  Mines. 

3Assumes  high  operating  costs  as  computed  by  Bureau  of  Mines. 
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Analysis  Limitation: 


Variation  noted  between  similar  cost  estimates  derived  from  two  studies 
of  the  same  mine,  as  in  the  present  comparison,  derive  from  three  main 
causes : 

1)  differences  in  system  design  assumptions, 

2)  variation  in  the  scope  of  individual  cost  estimates  and  the  type  of 
activities  included  in  the  final  figure,  and 

3)  arithmetic  or  procedural  errors. 

Differences  caused  by  the  last  category  can  only  be  determined  through 
careful  review  of  the  intial  study  calculations  and  the  manner  in  which 
they  were  completed.  This  is  a time  consuming  effort  that  unfortunately 
could  not  be  undertaken  in  the  present  study  because  complete  cost  analyses 
were  not  provided.  Thus,  it  is  assumed  that  any  significant  differences 
between  estimates  result  from  the  first  two  causes  and  are  not  necessarily 
indicative  of  error. 

Interpretation  of  these  results  must  be  made  carefully.  It  cannot  be 
concluded  that  if  significant  differences  in  costs  between  these  studies 
exists,  the  data  supplied  by  SMC  is  erroneous.  These  differences  should 
rather  be  interpreted  as  indicating  a need  for  more  careful  comparative 
analysis  to  determine  the  likely  outcome  of  investment  in  this  project. 

ANALYTICAL  METHODS 
Description  of  Methods  Used 


The  Bureau's  cost  estimating  system,  on  which  this  analysis  is  largely 
based,  is  one  of  several  "factored"  mine  cost  estimating  techniques 
available  today.  The  term  factored  refers  to  the  characteri Stic  curve  form 
utilized  for  estimation  which  contains  a factored  dependent  variable. 

For  such  analyses  each  of  the  four  principal  cost  categories,  mine  and 
mill  operating  or  capital,  are  divided  into  major  activities  or  unit 
operations.  Examples  of  this  are  the  flotation  capital  and  the  underground 
mine  ventilation  operating  cost  sections  contained  in  this  system.  Each  of 
these  sections  are  subdivided  into  three  principal  cost  components: 
equipment,  labor,  and  supplies.  A manual  has  been  developed  for  CES  which 
contains  worksheets  for  each  of  the  cost  estimation  sections.  A copy  of 
this  manual  is  included  with  this  report. 

Several  additional  cost  sources  were  used  in  the  preparation  of  this 
report  to  verify  CES  results  or  to  generate  data  for  which  CES  is  not 
suited.  Utilization  of  these  sources  generally  involves  selection  and  cost 
determination  of  appropriately  sized  equipment,  and  determination  of 
installation  labor  and  supply  requirements.  For  a more  detailed  review  of 
methodology,  as  well  as  demonstration  of  the  CES  techniques  refer  to  the 
cost  work  sheets  contained  in  the  appendices. 
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Although  costs  are  quoted  as  July  1983,  no  attempt  was  made  to  backdate  more 
recent  cost  data  utilized  because  of  the  relatively  inconsequential  change 
over  the  last  eighteen  months.  Earlier  costs  were  adjusted  as  necessary  using 
a cost  factor  index  maintained  at  the  Western  Field  Operations  Center.  A 
table  of  these  factors  is  included  in  appendix  A. 

RESULTS 

Comparison  of  Results  with  SMC  Data 

In  the  following  pages  the  principal  cost  categories  of  each  mining  and 
milling  alternative  are  compared  to  determine  significant  divergences  between 
the  two  studies.  The  data  is  presented  in  a format  similar  to  that  submitted 
by  SMC  to  allow  easy  reference  to  the  original  estimates.  All  initial  capital 
and  operating  costs,  excepting  sandfill  plant  figures,  are  evaluated.  Except 
in  rare  instances,  future  stages  in  earthen  dam  construction  are  also 
considered.  Replacement  capital  items  are  ignored  as  they  are  usually  not 
unique  figures  but  are  contained  in  the  previously  addressed  initial  costs. 

Tables  for  each  alternative  contain  mine  and  mill  capital  cost  estimates  for 
both  studies  in  dollars  by  10&  (July  1983).  Both  mine  and  mill  costs  are 
categorized  as  they  were  in  the  original  data. 

Operating  costs  for  the  mine  and  the  mill  are  expressed  as  dollars  per  short 
ton  mined  or  transported.  Mill  costs  are  absolute  values,  whereas  mine  costs 
are  also  reported  as  the  difference  between  the  cost  of  mining  for  the  base 
proposal  and  the  cost  estimates  for  subsequent  alternatives.  These  cost 
differentials  are  the  basis  of  comparison  between  the  two  studies. 
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MINE:  SMC  ALTERNATIVE 


( $ millions) 


Initial  capital  cost 


Portals  and  access  roads 
Shaft 

Ramp  development 
Total 


SMC  Present  study 


CES Adjusted 

$2.2  $1.1  $1.6 

2.8  2.5  2.5 

0.0  0.0  0.0 

5.0  3.6  4.1 


Operating  costs  Present  study 

CES Difference  SMC  difference 

Mine  cost  $9. 09/st  NA  NA 


Comments : 

Differences  noted  between  the  two  studies  for  this  alternative  can  be 
attributed  to  the  inclusion  of  the  cost  for  additional,  previously  completed 
development  contained  in  the  SMC  estimate.  This  value  can  be  deduced  from 
Alternative  1,  for  which  no  future  road  or  portal  development  is  required, 
but  the  company  study  shows  $500,000.  When  this  value  is  added  to  the  above 
CES  estimate  the  difference  between  the  studies  is  lessened.  Cost  estimates 
for  the  small  diameter  service  shaft  are  similar. 

No  equivalent  operating  cost  estimate  is  available  for  comparison  with  this 
study. 
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MINE:  ALTERNATIVE  1 


( $ millions) 


Initial  capital  cost 

SMC 

Present 

CES 

Study 

Adjusted 

Portals  and  access  roads 

$0.5 

$0.0 

$0.5 

Shaft 

1 1 .8 

5.0 

7.5 

Ramp  development 

.0 

.0 

.0 

Total 

12.3 

5.0 

8.0 

Operating  costs 

Present  study 
CES  Difference  SMC 

difference 

Mine  cost 

$9. 50/st 

$0. 41/st 

$0/st 

Comments : 

As  noted  in  the  discussion  of  the  previous  alternatives,  the  capital  cost 
differential  for  the  portals  and  roads  derives  principally  from  inclusion 
of  costs  of  earlier  completed  installations.  Adjustment  of  the  shaft  costs 
has  also  been  considered  in  this  alternative.  This  study  indicates  the 
cost  of  the  shaft,  equipped  with  a double  drum  hoist,  would  be  far  less 
than  estimated  by  the  company.  This  difference  can  be  partially  explained 
if  the  cost  of  a suitable  raiseborer  for  the  task  is  included.  When  the 
estimated  $2.5  by  10&  price  tag  of  this  unit  is  included,  the  values  of 
the  two  studies  approach  more  closely. 

Although  lacking  an  operating  cost  from  the  company,  their  relativae 
costs  between  the  different  alternatives  and  original  proposal  allows 
comparison  between  the  studies.  The  present  study  shows  a $0. 41/short  ton 
increase  over  the  proposed  method,  whereas  SMC  felt  that  the  two  methods 
were  essentially  equal-cost  options.  Compared  to  the  total  operating  cost 
per  short  tons,  this  difference  is  small. 


I \ 
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MINE:  ALTERNATIVE  2 (ramp) 


( $ millions) 


Initial  capital  cost  SMC 


Portals  and  access  roads  $1.1 

Shaft  2.8 

Ramp  development  2 . 1 

Total  6.0 


Present  Study 


CES 
$0.3 
2.5 
1 .6 
4.4 


Adjusted 
$0.8 
2.5 
1 ,6 
4.9 


Operating  costs  Present  study 

CES  Difference  SMC  difference 

Mine  costs  $11. 52/st  $2. 43/st  $2. 00/st 


Comments : 

Adjustment  of  the  capital  costs  for  this  alternative  lessens  the 
difference  in  cost  estimates  between  the  studies.  Alternative  2 with  ramp 
is  also  the  only  plan  that  includes  trackless  facilities  in  the  upper 
workings  as  a haulage  method.  Estimated  costs  for  these  additional 
facilities  are  similar  in  both  studies. 

Operating  costs  between  the  studies  agree  closely.  Both  show  a fairly 
substantial  increase  in  cost  per  ton  resulting  from  the  necessity  of  having 
essentially  two  mining  operations,  with  different  equipment,  supply,  and 
labor  requi rements . Differing  requirements  are  attributable  to  having 
tracked  lower  workings  and  trackless  upper  areas  in  the  mine. 
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MINE : ALTERNATIVE  2 (shaft) 


( $ millions) 


Initial  capital  cost 

SMC 

Present 

CES 

Study 

Adiusted 

Portals  and  access  roads 

$1  .6 

$0.3 

$0.8 

Shaft 

11  .8 

5.0 

7.5 

Ramp  development 

0 

0 

0 

Total 

13.4 

5.3 

8.3 

Operating  costs 

Present  study 
CES  Difference  SMC 

difference 

Mine  costs 

$9. 30/st 

$0. 20/st 

$0/st 

Commments : 

Comparison  of  the  capital  costs  from  the  two  studies  for  this  alternative 
show  the  same  differentials  that  were  treated  in  Alternative  1.  If  using 
adjusted  figures,  however,  a closer  correlation  is  achieved.  Even  with 
adjustment,  the  company  'portal  and  access  road'  figure  is  substantially 
higher  than  the  estimate  in  this  report.  A determination  of  the  probable 
cause  of  this  difference  has  not  been  made. 

Operating  costs  for  this  alternative,  again  are  corroborated  by  the 
present  study.  SMC  reports  no  difference  in  cost  between  this  alternative 
and  the  proposed  mine. 

Although  not  able  to  give  a quantified  difference  from  the  original 
proposal,  through  CES  the  evaluator  of  this  report  felt  that  this 
alternative  could  be  expected  to  fall  in  the  range  defined  by  the  Base 
Proposal  and  the  Alternative  1 values,  $9.09  and  $9.50,  respectively.  For 
comparative  purposes  the  midpoint  of  this  range  is  assumed  for  a cost. 
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MILL:  ALTERNATIVE  1 (Mill  at  mine  site,  tailings  slurry  to  Hertzler) 


Initial  capital  costs 

($  mi 

SMC 

1 1 ions ) 

Present  study 

Tailings  and  reclaim  lines 

$3.52 

$2.20 

Slurry  and  reclaim  pumps 

0.60 

0.58 

Thickener 

1 .83 

.40 

Emergency  pond 

.63 

1.11 

Subtotal 

6.58 

4.29 

Starter  dam 

.95 

.92 

Total 

7.53 

5.21 

Operating  costs 

SMC 

Present  study 

CES 

CES  + 25% 

Tailings  and  reclaim  lines 

$0. 60/st 

$0. 80/st 

$1 .00/st 

Comments : 

Although  the  total  cost  of  this  alternative  shows  reasonable  correlation 
between  studies,  individual  items  do  not  correlate  as  well.  Cost  of  the 
tailing/reclaim  lines,  as  estimated  in  this  study,  is  considerably  less 
than  that  of  the  company  estimate.  Two  additional  sources  were  consulted 
and  both  yielded  costs  similar  to  the  present  study.  All  three  estimates 
are  contained  in  appendix  C of  this  report.  Related  pump  costs  correlate 
closely. 

Differences  in  thickener  and  cyclone  costs  are  evidently  the  result  of 
differing  equipment  assumptions.  Our  value  assumes  a 100  foot  diameter 
thickener  installed  at  the  plant  site  and  six  15-in.  diameter  cyclones 
installed  on  the  pond  crest.  Other  buildings  and  equipment  are  assumed  to 
be  charged  to  ancillary  activities. 

Cost  of  the  starter  dam  at  the  Hertzler  Ranch  is  close  to  that  contained 
in  the  company  report.  Because  the  size  and  dimensions  of  the  mine  site 
emergency  pond  were  unknown  to  us,  a scaled  down  version  of  the  proposed 
on-sile  diposal  area  was  assumed,  complete  with  a tailing/reclaim  system 
capable  of  allowing  the  plant  to  continue  operation  during  tailings  line 
shut  down.  Crest  height  for  this  lined  dam  was  assumed  to  be  25  ft.  Cost 
of  this  dam  was  76%  greater  than  that  proposed  by  SMC. 

Two  operating  costs  were  derived  with  the  Bureau's  cost  estimating 
system;  one  with  and  one  without  allowance  for  miscellaneous  and 
administrative  expense.  The  lower  cost  is  closest  to  the  company  figure. 
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MILL:  ALTERNATIVE  2 (Mill  at  minesite,  tailings  slurry  to  Stratton) 


( $ mill  ions ) 


Initial  capital  costs 

SMC 

Present  study 

Tailings  and  reclaim  pumps 

and  lines 

$0.25 

$0.79 

Emergency  pond 

0.63 

1.11 

Subtota 1 

.88 

1 .90 

Staged  earthen  dam  construction 

Initial 

4.23 

4.71 

Second 

1 .03 

1 .90 

Thi  rd 

1 .45 

2.37 

Fourth 

1 .86 

2.88 

Fifth 

5.14 

3.37 

Subtota 1 

13.77 

15.23 

Total 

14.65 

17.13 

Operating  costs 

SMC 

Present  study 
CES  CES  + 25% 

Tailings  and  reclaim  lines 

$0. 45/st  $0. 

. 48/s t $0 . 60/st 

Comments : 

All  tailings  lines  costs  assume  the  same  line  characteri sti cs  as  in  the 
first  mill  alternative,  namely  buried  4-in.  tailing  and  6-in.  reclaim 
lines.  Lack  of  agreement  between  the  company  data  presented  on  a per  line 
mile  basis  and  on  a total  cost  basis  between  these  studies  suggest  these 
characteristics  were  not  part  of  this  alternative.  The  emergency  pond  cost 
differences  have  been  discussed  in  the  previous  section. 

The  several  earthen  dam  construction  sites  carried  through  these  analyses 
are  based  on  rather  limited  data.  Dam  costs  are  largely  determined  by  the 
amount  of  borrow  material  required  to  construct  the  impoundments; 
therefore,  to  make  a reasonable  comparison,  the  cubic  yards  of  needed  fill 
material  must  be  known.  Estimates  were  made  on  rather  crude  measurements 
based  on  assumed  conf igurations  similar  to  the  dam  proposed  by  the  company 
for  the  mine  site. 

CES  operating  cost  of  $0.48  is  nearly  equivalent  to  SMC 1 s cost  of  $0.45. 
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MILL:  ALTERNATIVE  3 (Mill  at  mine  site,  tailings  slurry  to  Horseman) 


( $ mill  ions ) 


Initial  capital  costs 

SMC 

Present  study 

Tai 1 i ngs  1 i ne 

$1 

.68 

$1  .37 

Reclaim  system 

0 

. 1 7 

0.34 

Thickener 

1 

.83 

.40 

Emergency  pond 

.63 

1.11 

Tota  1 

4 

.31 

3.22 

Dam  construction 

NA 

12.00 

Present  study 

Operating  costs 

SMC 

CES  CES  -t-  25% 

Tailings  and  reclaim  lines 

$1 .06/st 

$0 

. 60/st  $0. 75/st 

Comments : 

For  the  mine  site  to  Horsemans  Flat  system,  the  total  cost  of  the 
tailings  and  reclaim  lines  differ  by  2%.  The  individual  capital  items  that 
make  up  the  total  have  been  previously  discussed  and  will  not  be  addressed 
here . 

An  additional  contingency  was  addressed  through  this  study,  however, 
which  was  only  alluded  to  in  the  company  discussion;  the  possibility  of 
building  a dam  on  the  Horsemans  Flat  site.  For  this  lined  earthen  dam, 
with  a maximum  crest  height  of  75  ft,  it  was  assumed  that  fill  would  not  be 
available  in  the  vicinity  of  the  construction  area  and  would  have  to  be 
obtained  from  the  nearby  alluvial  deposits  in  the  Stillwater  River  valley. 
Total  cost  for  this  facility  was  considerably  higher  than  the  initial  cost 
in  the  remaining  dam  construction. 

Estimated  operating  costs  for  this  alternative  were  apparently  not 
considered  carefully  by  the  company  and  are  considerably  higher  than  that 
estimated  in  this  study. 
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MILL:  ALTERNATIVE  4 (Mill  at  mine  site,  tailings  50%  backfill  and  50% 

slurry  to  Stratton) 


( $ mill  ions ) 

Initial  capital  costs SMC Present  study 

Tailings  and  reclaim  pumps 


and  lines 

$0.25 

$0.79 

Emergency  pond 

.63 

1.11 

Sand  plant 

2.07 

NA 

Subtotal 

2.95 

NA 

Staged  earthen  dam  construction 
Initial 

4.23 

4.71 

Second 

1 .03 

1.90 

Third 

1 .45 

2.37 

Fourth 

1 .86 

2.88 

Subtotal 

8.63 

11  .86 

Total 

11.58 

NA 

SMC 

Present  study 

Operating  costs 

CES 

CES  + 2: 

Tailings  and  reclaim  lines  $0, 

.45/st  $0. 

. 48/st 

$0. 60/st 

Sand f ill  operation 
Total 


Comments : 

The  operational  parameters,  tailing  reclaim  system,  and  the  mine  site 
emergency  pond  are  the  same  as  those  discussed  in  the  second  milling 
alternative.  The  comments  for  that  alternative  are  equally  applicable  here. 

This  is  also  true  of  the  staged  earthen  dam  although  our  cost 
determination  for  the  later  stages  is  somewhat  higher  than  the  company 
estimates.  In  the  earlier  estimate,  this  was  compensated  by  a costly  fifth 
stage  for  which  our  estimate  was  somewhat  less.  With  the  last  stage 
lacking,  the  costs  differ  considerably.  It  is  interesting  to  note, 
however,  that  a reduction  of  the  tailings  by  50%  reduces  the  dam  crest  by 
one  20-ft  stage  only.  The  difference  between  a 110-ft  and  a 1 30— ft  dam 
would  not  seem  to  be  readily  discernible. 

This  alternative  is  the  first  one  to  include  a sandfill  option. 
Unfortunately  no  cost  estimate  can  be  made  for  this  plant  because  our  cost 
estimating  system  does  not  address  this  subject  as  a separate  item  and 
generation  of  similar  data  from  independent  sources  has  not  been  completed. 
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ALTERNATIVE  5 (Mill  at  mine  site,  tailings 
to  Hertzler) 

( $ mill  ions ) 

Initial  capital  costs  SMC 

50%  backf i 1 1 and  50% 
Present  study 

Tailings  and  reclaim  lines 

$3.52 

$2.20 

Slurry  and  reclaim  pumps 

0.60 

0.58 

Emergency  pond 

.63 

1.11 

Sandplant 

2.07 

NA 

Subtotal 

7.32 

NA 

Staged  earthen  dam  construction 
Initial 

2.0 

2.09 

Second 

1 .3 

2.16 

Third 

1 .8 

3.91 

Fourth 

3.5 

5.25 

Subtotal 

8.6 

13.41 

Tota  1 

17.25 

NA 

Operating  costs 

SMC 

Present  study 
CES  CES  + 25% 

Tailings  and  reclaim  lines 

$0. 60/st  $0 

.80/st  $1. 00/st 

Sandfill  operation 

Total 

Comments : 

This  alternative  is  similar  to  Alternative  1 except  that  it  includes  a 
backfill  operation  and  a staged  earthen  dam  rather  than  one  constructed  from 
cycloned  sand.  Refer  to  the  discussion  of  Alternative  1 for  comments  on  the 
tailings  and  reclaim  systems. 

The  tailings  dam  construction  costs  have  been  determined  in  the  same  manner 
as  for  the  previous  alternatives. 
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MILL:  ALTERNATIVE  6 (Ore  trucked  to  Hertzler,  mill  at  Hertzler) 


( $ millions) 


Initial  capital  costs 


SMC 


Present  study 


Tailings  and  reclaim  pumps  and 
1 i nes 

Truck  load/unload  facilities 


$0.17 

.27 

.44 

2,57 

3.01 


$0.27 
.38 
.65 
.92 
1 .57 


Subtotal 
Starter  dam 


Total 


Operating  costs 


SMC 


Present  study 
CES  CES  + 25% 


Contract  truck  haul 
Tailings  and  reclaim  lines 


$1 .00/st 
1 . 04/st 
2.04/st 


$1. 01/st  $1. 01/st 

0.34/st  0 . 41 /st 

1 .35/st  1.42/st 


Tota  1 


Comments : 


This  is  the  only  alternative  that  considers  placing  the  mill  at  the 
Hertzler  Ranch  site.  To  further  clarify  our  assumptions  regarding  the 
trucking  load/unload  facilites,  we  have  assumed  that  a 1,000  short  ton 
capacity  bin  and  feeder  will  be  installed  at  both  the  plant  and  mine.  A 
200-ft  conveyor  is  also  included  at  the  mine  site  for  conveying  the  ore 
from  the  bin  to  the  plant. 

CES  starter  dam  costs  are  in  substantial  disagreement  with  company 
estimates.  We  have  assumed  that  this  facility  will  require  the  same  dam  as 
the  first  alternative,  because  both  utilize  the  Hertzler  site  for  disposal 
of  identical  material.  It  is  questionable  if  operating  costs  will  be  as 
great  as  indicated  in  the  company  data.  Although  no  direct  quote  was  given 
by  the  company  for  this  cost,  a total  annual  operating  cost  was  given.  It 
is  assumed  that  subtracting  the  trucking  costs  from  this  total  results  in 
estimated  tailings  disposal  costs.  The  result,  $1. 04/short  ton,  is  much 
higher  lhan  would  be  expected  for  the  system  required. 
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MILL:  ALTERNATIVE  7 (Mill  at 

slurry 

mine  site, 
to  adjacent 

tai lings 
pond) 

50%  backfill  and 

50% 

Initial  capital  costs 

($  mi  1 lions) 

SMC 

Present 

study 

Sandfill  plant 

$2.07 

NA 

Staged  earthen  dam  construction 
Initial ( including  pumps  and  lines) 
Second 
Thi  rd 
Fourth 

Subtotal 

3.68 

1.76 

2.37 

3.19 

11.00 

$4.04 

3.13 

4.18 

4.30 

15.65 

Total 

13.07 

NA 

Operating  costs 

SMC 

Present  : 
CES 

study 
CES  + 

25% 

Tailings  and  reclaim  lines 
Sandfill  operation 

$0. 30/st  $0. 

. 29/st 

$0. 36/st 

Total 

Comments : 

Initial  capital  costs  for  dam  construction  in  this  alternative  differ  by 
10%.  Subsequent  20-ft  lifts  compare  less  favorably. 

The  operating  cost  estimates  for  the  tailings  disposal  system  show 
differences  of  3%  and  20%  for  both  means  of  computation  presented  in  this 
study. 
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MILL:  SMC  ALTERNATIVE  (Mill  at  mine  site,  tailings  to  adjacent  pond) 


( $ millions) 

Initial  capital  costs 

SMC 

) 

Present  study 

Staged  earthen  dam  construction 
Initial  (including  pumps  and 

1 i nes ) 

$3.68 

$4.04 

Second 

1 .76 

3.13 

Th  i rd 

2.37 

4.18 

Fourth 

3.19 

4.30 

Fifth 

3.10 

4.93 

Tota  1 

14.10 

20.58 

Operating  costs 

SMC 

CES 

Present  study 

CES  + 25% 

Tailings  and  reclaim  lines  $0. 30/st  $0. 29/st  $0. 36/st 


Comments : 

As  this  alternative  closely  resembles  Alternative  7,  no  additional 
comments  are  made  here. 


Conveyor  haulage: 

As  an  added  alternative,  estimates  were  made  of  the  capital  and  operating 
costs  attendant  with  conveyor  haulage  along  essentially  the  mine  site  to 
Hertzler  Ranch  route.  It  is  important  to  emphasize  that  this  would  be  an 
impractical  means  of  tailings  transport  and  should  not  be  considered  as  an 
alternate  to  the  previously  evaluated  buried  pipeline.  It  could  serve  to 
move  crushed  rock  from  the  mine  site  to  the  mill,  however,  and  would  thus 
necessitate  siting  the  mill  at  Hertzler  Ranch. 

Notwithstanding  the  technical  difficulties  that  such  an  alternative  would 
face,  the  estimated  capital  cost  of  such  an  installation  exceeds  that  of 
all  other  alternatives.  The  value  we  have  determined,  $22  by  10&,  is  for 
the  conveyor  only  and  does  not  include  the  millsite  or  disposal 
facilities.  Depending  upon  the  type  of  dam  construction  contemplated, 
total  cost  could  approach  $30  by  10^.  Operating  costs  are  also  high  but 
are  within  the  range  of  values  determined  so  far  for  the  remaining 
alternatives.  Again  assuming  the  Hertlzer  site  for  disposal,  total  cost 
per  ton  would  be  $0.75  or  $0.93,  depending  upon  which  cost  figures  are 
used . 

This  high  cost  can  be  attributed  in  part  to  the  necessity  of  installing  a 
conveyor  with  much  higher  capacity  than  would  normally  be  required  for  the 
daily  capacity.  Because  of  the  length  envisioned  it  would  be  necessary  to 
install  belting  equal  to  or  greater  than  36  in.  wide.  The  daily  capacity 
of  such  a belt  would  be  approximately  7,040  short  tons  at  a relatively  slow 
assumed  speed  of  400  ft/min.  Thus  daily  mine  capacity  could  be  transferred 
in  less  than  4 hours. 
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Siting  could  also  prove  an  important  factor.  Unlike  pipelines,  conveyors 
are  not  flexible;  each  flight  must  follow  a straight  line  for  some  distance. 
Suitable  sites  for  such  installations  may  not  exist  if  topographic  and 
r i gh L-of -way  problems  are  considered.  It  would  also  be  important  to 
construct  a road  along  the  conveyor  for  service  vehicles.  Existing  roads 
could  possibly  be  used  to  a degree,  but  the  inflexibility  of  the  conveyor 
would  make  matching  conveyors  and  roads  difficult,  if  not  impossible. 

Other  problems  that  would  have  to  be  faced  are  such  things  as  an  increase 
in  vandalism  to  which  a surface  facility  would  be  prone,  and  operating 
problems  during  extreme  winter  weather  conditions  common  in  the  area. 

Conclusions 


Although  it  may  appear  that  many  of  the  contained  cost  estimates  differ 
greatly  between  the  two  studies,  large  errors  in  the  accuracy  of  the 
estimates  are  of  similar  magnitude  to  the  differences,  leading  to  the 
conclusion  that  the  costs  reported  in  this  report  are  in  essential 
agreement  with  those  of  SMC.  Significant  discrepancies , the  shaft,  two  of 
the  tailings  lines,  and  two  mill  operating  costs,  can  be  explained  by 
procedural  differences.  Final  determi nat i on  of  the  accuracy  of  these 
figures  would  require  more  thorough  analysis. 

Comparison  of  the  estimates,  made  in  this  study  for  the  al ternat i ves , has 
also  been  found  to  closely  parallel  that  indicated  by  the  SMC  data. 

Thus,  the  least  costly  mine  capital  alternatives  are  the  first  and  third 
in  both  studies;  the  second  and  last  alternatives  are  the  most  costly. 
Although  not  a rigorous  assessment  as  conducted  through  financial  analysis, 
this  does  support  the  relative  economics  of  the  various  alternatives  as 
proposed  by  SMC. 
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